Abstract: This paper takes 516 households who planted wheat in Heyang County, Shaanxi Province in 2018, as samples to construct three policy environments: Technological guidance for planting, subsidies for organic fertilizer application, and agricultural tailwater discharge standards. The experimental choice method was used to empirically analyze policy preferences during the process of fertilizer reduction. The results indicate that households show different preferences for the three policy settings: The fertilizer application rate is reduced by 6.98% if providing full technological guidance for farmers throughout the wheat planting process and is reduced by 5.18% under the background of providing appropriate organic fertilizer subsidies. The agricultural tailwater discharge standards have the least impact on the reducing level of chemical fertilizer application, with decreasing amounts of only 1.85% and 0.77% under the second-level and the first-level agricultural tailwater discharge standards, respectively. These results indicate that households in Heyang County, Shaanxi Province, demonstrate a low willingness to accept the agricultural tailwater discharge standards in order to cut down on the amount of chemical fertilizer application and the agricultural non-point source pollution. Therefore, compared with a compounded annual growth rate (CAGR) of 1% of fertilizer usage nationwide according to the Chinese Ministry of Agriculture, given the current planting environment and policies design, providing comprehensive technological guidance as well as price subsidies for the organic fertilizer can significantly and robustly reduce the excessive application of fertilizer in Heyang County, Shaanxi Province, under the best scenario, thereby further alleviating agricultural non-point source pollution.
Introduction
According to the report of FAO in 2005, grain is the first necessity for human beings and has been cultivated for more than 8000 years. There is a proverb in China that the "grain industry is the basic industry that settles down the world and secures the support of the people". Since 2003, China's grain production demonstrated a consecutive twelve-year incremental increase stimulated by various factors such as economic development, population explosion, technological progress, and policy support [1] . On the other hand, the enhancement of urbanization, the reduction of arable lands, and the transfer of labor from rural to urban areas result in the shortage of arable land resources and rural labor. In this context, in order to ensure grain supply and security, the agricultural producing mode of "high input and high output" has been adopted and widely promoted in many regions, and one of the main characteristics of this mode is the increasing use of fertilizer. Yang and Li [2] find that over the past decade, the fertilizer input of China's grain production has been rising sharply, contributing more than 50% to the growth of grain yield. Meanwhile, according to the data of the National Bureau of Statistics (Source: China statistical yearbook ), since the reform and open policy in 1978, the levels of China's grain output and fertilizer application have increased steadily, among which grain output has increased by 83.7%, and fertilizer application has increased by nearly five-fold in the same period; the growth rate of fertilizer application far exceeds the growth rate of grain output. This illustrates that, on one hand, the significant effect of fertilizer input on grain yield promotes the rapid growth of fertilizer application; on the other hand, when fertilizer application reaches a certain amount, the marginal contribution to grain yield increases slowly or even decreases.
The excessive application of fertilizer also aggravates the pollution of agricultural non-point sources and brings heavy ecological and environmental problems. Chen [3] , Han & Yang [4] , and Min & Kong [5] point out that the environmental problems brought by the China's agricultural development become increasingly prominent, concentrating on the problem of agricultural non-point source pollution, whereas excessive fertilizer is one of the main casual factors. The data released by the Ministry of Agriculture and Rural Affairs of the People's Republic of China in 2017 (Source: China Agriculture and Rural Ministry website, http://www.moa.gov.cn/) shows that the average fertilizer application amount in China is 21.9 kg/mu (1 mu = 0.16473 acre), much higher than the world's average level of 8 kg/mu. The fertilizer application amount in China per unit area is 2.6 times and 2.5 times that of the United States and the European Union respectively. The excessive application of fertilizer directly leads to the obvious decrease in the fertility and fertilizer utilization rates of cultivated land in China. In 2017, the average content of soil organic matter of cultivated land in China is less than 1%, and the utilization rates of nitrogen fertilizer, phosphate fertilizer, and potassium fertilizer for the three major grain crops are only 33%, 24%, and 42% [6] . This not only results in huge economic losses, but also brings about serious environmental pollution, causing serious harm to water, soil, atmosphere, biology, and human health [3, 7] .
In order to prevent further deterioration of the ecological environment and to achieve sustainable development of grain production, it is imperative to reduce the input of fertilizer. Therefore in 2006, the Chinese government enacted the reduction of excessive fertilizer application and control of non-point agricultural pollution in the outline of the "eleventh five-year (2006-2010) plan for the national economic and social development", and regarded it as an urgent problem to be solved in China's sustainable agricultural development and new rural construction [4] . Since then, the "No. 1 document" each year from the national central government has put forward explicitly the control of agricultural fertilizer pollution between 2013 and 2017. In July 2018, the Ministry of Ecology and Environment of the People's Republic of China passed through the action plan for agricultural and rural pollution control, which determines that China will implement "one protection, two governances, three reductions and four enhancements" proposal, namely the protection of rural drinking water sources, the governance of rural living garbage and sewage, the reduction of chemical fertilizers, pesticides and usage amount of agricultural water, enhancement of agricultural non-point source pollution standard water quality, agricultural waste comprehensive utilization, and the supervisory ability of the rural ecological environment and the rural residents' participation of ecological environment protection. It can be seen that the problem of agricultural non-point source pollution caused by excessive fertilizer application has attracted the attention of policymakers in many departments.
Compared with developed countries and regions such as Europe and the United States, the studies on environmental pollution control of agricultural non-point source pollution in China have fallen behind, and the existing research mainly focuses on standard formulation [8] , technological research and development [8, 9] , and economic incentives [10] . Whether the above agricultural policies and the control goal of non-point source pollution can be achieved smoothly not only depends on whether the policies can adapt to local conditions, but also depends on whether farmers recognize and accept the relevant control policies of agricultural non-point source pollution. For instance, Brynjolfsson et al. [11] consider the control of non-point source pollution from the aspect of plant growers' behaviors. Mira et al. [12] investigate the emission of the ammonia from crop residues. Most of those papers enumerate the data from field surveys.
Taking the Northern wheat planting areas of China as an example, on the basic analysis of the mechanisms of agricultural non-point source pollution caused by fertilizer, this paper employs choice experiment and the micro survey data of 516 wheat planting households of the Heyang County of Shaanxi Province to quantitatively evaluate the farmers' willingness to reduce fertilizer applications under different policy environments so as to provide policy recommendations and decision-making references for efficient agricultural environment policies.
Theoretical Analysis Framework
Understanding the forming mechanisms of agricultural non-point source pollution from the perspective of excessive fertilizer application is a vital prerequisite for the design of agricultural non-point source pollution control policy, as well as a reliable guarantee for the secured agricultural environmental policy. This paper attempts to analyze the forming mechanism of agricultural non-point source pollution from the macro level of the country, the mesoscopic level of agriculture itself, and the micro level represented by farmers.
Macro Level

The National Development Strategy of Increasing Grain Production
Since the beginning of the 21st century, the Chinese government has paid special attention to grain output, putting forward the agricultural development policy with "high yield, high quality and high efficiency" as the core of grain production in order to stabilize grain supply, and gives a series of policy supports to fertilizer as well as other elements of agricultural input that gradually raised the intensity of fertilizer application. For instance, the government provides preferential policies such as electricity price subsidies, freight price subsidies, price subsidies, interest subsidies, and refund and reduction of value-added taxes for fertilizer manufacturers [13] . Meanwhile, the government carries out the price ceiling policy of fertilizers in order to protect farmers' grain income from rising prices of input factors such as fertilizers [14] . In addition, the government also supplies direct grain subsidies and comprehensive subsidies to grain farmers [15] [16] [17] .
These policies directly or indirectly affect farmers' grain planting scale and economic income and heighten the input of fertilizer and other input in the grain industry. Undoubtedly, these agricultural policies ignore the shortage of agricultural resources in China, and the concept of "focus on growth, regardless of development" has led to the continuous increase of chemical inputs such as fertilizers, turning China's agriculture into the industry with the most extensive non-point source pollution [18, 19] . The impact of national grain yield increase strategies on agricultural non-point source pollution through the increase of the fertilizer application amount is shown in Figure 1. 
China's Urban-Rural Dual Structure
China's long-standing urban-rural household registration system has accelerated the polarization of the urban-rural dual structure. Under the urban-rural dual structure, compared with urban areas that have solid basic conditions and policies, the supply of rural infrastructure is always insufficient, which results in the neglecting of environmental protection work for long periods of time [20] . On the other hand, since the reform and open policy in 1978, with the improvement of urbanization level and the emergence of export-oriented and labor-intensive economies in the Southeast coast of China, a large number of non-agricultural employment opportunities stimulate China's unique phenomenon, called the "civilian labor wave", which also brings about the loss of rural young and middle-aged labor. 
China's long-standing urban-rural household registration system has accelerated the polarization of the urban-rural dual structure. Under the urban-rural dual structure, compared with urban areas that have solid basic conditions and policies, the supply of rural infrastructure is always insufficient, which results in the neglecting of environmental protection work for long periods of time [20] . On the other hand, since the reform and open policy in 1978, with the improvement of urbanization level and the emergence of export-oriented and labor-intensive economies in the Southeast coast of China, a large number of non-agricultural employment opportunities stimulate China's unique phenomenon, called the "civilian labor wave", which also brings about the loss of rural young and middle-aged labor.
The influences of this phenomenon are multiple. Firstly, according to the theory of induced technological change and the theory of substitution of productive factors, in order to make up for the shortage of labor in rural areas, farmers will increase capital and technology input such as fertilizers and pesticides to ensure normal agricultural production. Many scholars have confirmed that the higher the level of non-agricultural employment in rural households, the higher the chemical fertilizers input intensity in agricultural production [21] [22] [23] [24] . Secondly, the transfer of the rural labor force brings a large number of young and middle-aged educated workers into the cities, leaving elderly people, women, and children in rural areas who tend to be indifferent to agricultural non-point source pollution in the agricultural production process due to their low levels of education and environmental awareness [25, 26] . The impact of China's urban-rural dual structure on agricultural non-point source pollution is shown in figure 2 . The influences of this phenomenon are multiple. Firstly, according to the theory of induced technological change and the theory of substitution of productive factors, in order to make up for the shortage of labor in rural areas, farmers will increase capital and technology input such as fertilizers and pesticides to ensure normal agricultural production. Many scholars have confirmed that the higher the level of non-agricultural employment in rural households, the higher the chemical fertilizers input intensity in agricultural production [21] [22] [23] [24] . Secondly, the transfer of the rural labor force brings a large number of young and middle-aged educated workers into the cities, leaving elderly people, women, and children in rural areas who tend to be indifferent to agricultural non-point source pollution in the agricultural production process due to their low levels of education and environmental awareness [25, 26] . The impact of China's urban-rural dual structure on agricultural non-point source pollution is shown in Figure 2 . 
Urban
The Mesoscopic Level
2.2.1. The "Quasi-Public Good" Attribute of Rural Environment
The rural environment has the attribute of quasi-public good in economics in that anyone is permitted to use the product, which will lead to over usage and rapid consumption of public resources, resulting in "Tragedy of the Commons" [15] . Farmers are often assumed to be rational smallholders whose economic behavior is aimed at the maximization of individual interests in economics. Therefore, when the private marginal cost is equal to the private marginal benefit, farmers will adopt a positive production attitude, which is shown in Figure   Figure 2 . The impact of China's urban-rural dual structure on agricultural non-point source pollution.
The "Quasi-Public Good" Attribute of Rural Environment
The rural environment has the attribute of quasi-public good in economics in that anyone is permitted to use the product, which will lead to over usage and rapid consumption of public resources, resulting in "Tragedy of the Commons" [15] . Farmers are often assumed to be rational smallholders whose economic behavior is aimed at the maximization of individual interests in economics. Therefore, when the private marginal cost is equal to the private marginal benefit, farmers will adopt a positive production attitude, which is shown in Figure 3 . Some of the well-known studies including Hardin [27] and both Feeny et al. [28] and Milinski et al. [29] confirm this view. At this time, the optimal private output of farmers is Q1, and the non-point source pollution emission of agriculture is P 1 . Taking society as a whole, the social output Q*, including the cost of environmental governance, should be located at the point where the marginal cost to society is equal to the marginal benefit. One of the characteristics of agricultural non-point source pollution is the problem of overproduction, which is caused by negative externalities. The essence of controlling the agricultural non-point source pollution is the process of the internalization of external costs, however, simply relying on market mechanisms will lead to "market failure", and government intervention will lead to "government failure", which is unable to complete the internalization of external costs, resulting in a serious abuse of agricultural fertilizers causing agricultural nonpoint source pollution. This is the difficulty of establishing the policy of controlling agricultural non-point source pollution [30] .
The Disparity of Agricultural Production
The high cost of monitoring and management of agricultural non-point source pollution caused by the disparity of agricultural production is also an important cause for the intensification of agricultural non-point source pollution. The disparity of agricultural production arises from two main reasons. First, the regional and temporal variability of agricultural production. Being different from point source pollution discharged by industrial and service industries through sewage outlets, agricultural non-point source pollution discharge point is not fixed, lacking a clear source of pollution, and meanwhile, the discharge is not continuous. The variation of the spread of climate, geomorphology, geology and other natural environments further deteriorates the uncertainty of agricultural non-point source pollution. As a result, agricultural pollution sources and pollutants are not easy to detect until they have accumulated to a certain extent.
Second, China's land fragmentation production mode is also inconducive to the control of Since agricultural production is not completely cost-free to the environment, in order to obtain the optimal social output Q*, the agricultural non-point source pollution emission at this time is P*. Due to the reality of production and decision-making, farmers often do not take the external costs of agricultural production into account, while the external costs are undertaken by the agricultural ecological environment and society. In Figure 3 , Q 1 -Q* is the excess low-efficiency output of agriculture, and P 1 -P* is the excessive pollution emission of agriculture. The difference between the social marginal cost of agricultural production and the private marginal cost is defined as the marginal cost of the environment, and the area of ACQ 1 O is the cost required for environmental pollution control.
One of the characteristics of agricultural non-point source pollution is the problem of overproduction, which is caused by negative externalities. The essence of controlling the agricultural non-point source pollution is the process of the internalization of external costs, however, simply relying on market mechanisms will lead to "market failure", and government intervention will lead to "government failure", which is unable to complete the internalization of external costs, resulting in a serious abuse of agricultural fertilizers causing agricultural non-point source pollution. This is the difficulty of establishing the policy of controlling agricultural non-point source pollution [30] .
Second, China's land fragmentation production mode is also inconducive to the control of agricultural non-point source pollution. Goldstein and Udry (2008) [31] and Pan [32] find that measures such as reducing the degree of fragmentation of arable land in China and realizing farmers' moderate scale of operation are conducive to reducing farmers' fertilizer input on the whole, so as to control or reduce non-point source pollution caused by excessive fertilizer input. Overall, the dispersity of agricultural production and the fragmentation of land systems, on the one hand, make it difficult to track and monitor the non-point source pollution of agriculture, and on the other hand, make it hard to put into the measures taken to control the non-point source pollution practice.
Micro Level
The aggravation of agricultural non-point source pollution mainly comes from the farmers' production behavior at the micro level. It is well known that agricultural production in China is characterized by typical small-scale household production. Under the influence of various factors at the macro and mesoscopic levels, farmers constantly avoid production risks by means of "high chemical input" to ensure the maximization of family interests in a certain year [23] . At the micro level, the main reasons are as follows:
The Pressure of Survival and Development
The high dependence of agricultural production on the natural environment leads to the vulnerability and instability of farmers' income. Under the current situation of imperfect social security in rural areas, agricultural income is an important source of income for farmers, especially in poor areas. On the way to getting rid of poverty, higher output can be obtained by simply increasing inputs such as that of chemical fertilizers [23] . The exploitative development and utilization of natural resources is the most direct and easy choice to avoid risks, which is bound to be accompanied by the intensification of agricultural pollution and ecological deterioration [24] .
Farmers' Short-Sighted Behavior in Production
There are two incentives for farmers' short-sighted production behaviors. Firstly, the imperfect farmland property right system induces farmers' short-sighted production behaviors. Yao [33] , Yu et al. [34] , and Ali et al. [35] point out that imperfect land property rights systems lead to irregular adjustment of land, which makes it difficult for farmers to expect stable returns. Facing the uncertainty of production resources, farmers are less willing to make long-term investments. He [36] implies that the nature of land property rights is a major factor determining agricultural production input. Compared with rented fields, farmers are more willing to use organic fertilizers to maintain soil fertility in their private fields. Secondly, because of the diversification of the household income, the part-time business model brings about shortages of field management and increased the input of chemical fertilizers and pesticides, thus exacerbating agricultural non-point source pollution [23] .
Lack of Scientific and Technological Support
The loss of agricultural technological staff leads to farmers' lack of scientific and in-depth guidance in the agricultural production process. The phenomenon of "depending on feeling and experience" in agricultural production directly leads to the prominent abuse of fertilizers and pesticides. Zhu et al. [37] imply that farmers' lack of knowledge and awareness of ecological protection, coupled with the lack of relevant knowledge publicity and promotion technology, are the main reasons why farmers will not take the initiative to adopt environmentally friendly production behaviors. Ge et al. [13] use the micro-survey data of 376 peasant households in Jiangsu province to show that participating in training can significantly reduce the intensity of chemical fertilizer application and enhance a farmer's willingness to adopt the technologies of soil testing and fertilizer recommendations. Yu and Zhang [38] demonstrate that, given environmental safety, most farmers are willing to adopt environment-friendly agricultural production technology, and participation in agricultural technological training can significantly improve farmers' willingness to produce environmentally friendly products.
From the macro, mesoscopic, and micro perspectives respectively, we see that some scholars have qualitatively evaluated the effect of policies on farmers' behaviors, but there is a lack of quantitative analysis. This paper first comprehensively analyzes the formation mechanism of agricultural non-point source pollution due to excessive chemical fertilizer application. Combined with literature review and expert consultation, this paper will carry on the environmental protection policy settings from the macro, the mesoscopic, and the micro aspects, including macro environmental productive input subsidies, enacting tailwater discharge standards at the meso-level and the micro-level, and wheat planting technological support. This paper employs the experimental choice model to examine farmers' willingness to adopt policy choices, quantifying the results and providing suggestions to optimize current agricultural environmental policies.
Basic Principle and Model Design of the Experiment
Basic Principle of the Experimental Choice
Because of the limitations of knowledge of farmers in China, it is difficult to illustrate the term "revealed preference" to them, and it is time-consuming to teach farmers to choose their best preference among a series of choice. Therefore, using revealed preference data of farmers is inappropriate. We use the stated preference approach that is widely used by economists to analyze consumer behavior and evaluate the value of market and non-market products on this basis [39] , providing evidence for marketing strategies and policy development. Stated preferences can be divided into two broad categories: Conditional value assessment and model choice. Among a series of model choice approaches, the experimental choice is one of the most widely used methods. Since the mid-1990s, this method has been applied to environmental resource management and models for policy scenarios and contingent assessments, and a series of achievements have thereby been obtained [4, [40] [41] [42] [43] [44] .
In a choice scenario, the experimental choice requires the respondents to make a choice among a set of virtual products or options. In general, the approach is implemented through the form of questionnaires. The respondents are first presented with a series of problem selection sets, each of which contains a number of projects that are environment-related but composed of different attribute states of public goods. Then the respondents are required to choose their own best preference plan, assuming that the respondents can maximize their own utility and choose the best solution. The difference in the preference values determines the difference in the projects. Often, the respondents are required to make multiple choices in multiple scenarios. According to the information of the selected respondents, a quantitative model is used to quantify the respondents' preferences for each product and project, and further to evaluate the attributes and values of the products and projects. The specific model assumptions and the construction process are as follows: Suppose the respondent selects project i from n selection sets, then the random utility U i obtained is:
where V i (x i , s) indicates the observation effect, which can be obtained through the project x i and the characteristic s of the respondent, ε i is the error term. In the detailed process, V i usually adopts the following two expressions:
Equation (2) is called a base model. In Equation (2), ASC i is the alternative specific constant, which represents the benchmark utility of "maintaining the status quo" or "not selecting", or the average utility attributed by all other programs not included in the model [45] . The explanatory variables contain k program attribute variables, (β 1 , . . . , β k ) are coefficients to be estimated. In order to reflect the difference in behavior between the respondents with different characteristics who choose "maintaining the status quo" or "not choosing", in Equation (3), a cross term composed of ASC i and the characteristic variables (s 1 , . . . , s m ) of m respondents, are added. (γ 1 , . . . , γ m ) are the coefficients of the cross terms. Therefore, Equation (3) is also called the cross term model.
When there exists a parallel project j, the probability of the respondent selecting the project i is:
In Equation (4), under different distribution hypotheses, the corresponding models are formed. Suppose ε i are independently and identically distributed (iid) and satisfy the assumption of independence from irrelevant alternative (iia), then Equation (4) is a multinomial logit (MNL) model. Therefore, in this paper, we use the MNL model to analyze the selections under different policies since the MNL model is one of the best candidates depicting the reactions of the wheat growers.
On this basis, the marginal value or willingness to pay for each policy attribute is:
where β attribute is the coefficient of each policy variable to be estimated, and β M is the marginal value of the average payment of the farmer. Here, we use the estimated coefficient of the payment term.
Description of Survey Areas
This paper takes the Fenwei Plain, one of the main wheat producing areas in Northern China, as the main survey area. From the Fenwei Plain, we finally selected Heyang County, Weinan City, Shaanxi Province, to carry out the survey. The specific reasons include the following: Firstly, the main stream of the Weihe River flows from Tianshui (Gansu Province) to Qishan County (Shaanxi Province), Fufeng County (Shaanxi Province) and other counties, and injects into the Yellow River in Tongguan County of Weinan City. It is acknowledged that one of the important pollution sources in the Shaanxi section of the Weihe River Basin is the agricultural non-point source pollution. Farmers' understanding of the reduction and governing willingness of non-point source pollution caused by excessive usage of fertilizer in this area has important significance for protecting the water quality of the Weihe River and even the water quality of the Yellow River Basin. Secondly, Heyang County is a traditional agricultural county in Weinan City, and its planting area of wheat and corn accounts for more than 80% of the total sown area of crops. It is also an important experimental base for technological innovation and promotion of wheat breeding and cultivation in Northwest A&F University, as this area has a good technological environment.
Heyang County has 11 townships and 1 sub-district office. Therefore, this paper adopts the principle of stratified sampling. In each township except one sub-district office, five administrative districts are selected according to the rank of per capita arable land area from high to low. Then we select 10 sampling farmers each district, achieving 550 samples totally. Excluding the incomplete and invalid questionnaires, the total number of valid questionnaires is 516, and the effective ratio is 93.8%.
The Design of Policy Variables
Based on the macroscopic, mesoscopic, and microscopic causes of the over-application of fertilizers of farmers, the literature review, expert consultation, and sufficient pre-survey, this paper finally chooses the organic fertilizer subsidies from the macro-level, the agricultural tailwater discharge standards from meso-level, and three environmental policies of wheat planting guidance technologies from the micro-level as policy scenario property variables to analyze the response of wheat growers to policy preferences in reducing the amount of chemical fertilizer applied. The organic fertilizer subsidy refers to encouraging farmers to reduce the amount of chemical fertilizer application and to add organic fertilizer to increase the long-term fertility of the soil. The government subsidizes the price of the organic fertilizer for the farmers based on the volume they use. The agricultural tailwater discharge standard refers to the restrictive technological standards for agricultural production in which the government controls the total amount of nitrogen and phosphorus from the source in order to control the agricultural non-point source pollution. Wheat planting technological guidance refers to comprehensive guidance with regards to the time, amount, and type of fertilization of wheat during the whole growth period. The properties of each variable and their status levels are shown in Table 1 . 
Attributes
State Level Definitions of the State Value
Organic fertilizer subsidy On 10 July 2018, the Ministry of Agriculture and Rural Affairs of the People's Republic of China promulgated the "Reply to No. 2357 Recommendation of the 13th National People's Congress", which explicitly proposed subsidies for the application of organic fertilizers for agricultural production. In many provinces, the subsidy per mu is 100 yuan when the application amount of commercial organic fertilizer per mu is 250 kilograms, that is, 400 yuan subsidy per ton. Based on the current policy, when designing the purchase policy of organic fertilizer, the design of the subsidy standard for applying organic fertilizer in this paper is 400 yuan and 600 yuan per ton. On the other hand, Han and Yang [4] point out that using monetary value to estimate the target results of each program needs to consider the influence of multiple factors, such as the increase and decrease of fertilizer application, and inflation, which may cause deviations in understanding by the farmers. Hence, this paper uses the change in the amount of fertilizer applied to determine the target results. The determination is based on the approximate target by the historical annual increase in the amount of wheat fertilizer input in Shaanxi Province from the "2005-2017 National Agricultural Product Cost-Return Data Collection".
In addition, according to the macro, meso, and micro factors of wheat planter's chemical fertilizer applications and agricultural non-point source pollution, we also design the characteristic variables of farmer households related to fertilizer reduction, including the age of the household head, gender, per capita arable land area, education level, and the number of wheat plots. The statistical description of each variable is shown in Table 2 . It can be seen that the average age of wheat growers in Heyang County of Shaanxi Province is about 55 years old, and the phenomenon of aging is prominent; the labor adequacy ratio is 0.271, indicating that the population engaged in wheat cultivation in the family only take up about 1/4 of the total population of the family. The average number of wheat plots planted is 3.226, which is relatively scattered. 
Method Model Fitting Results Analysis
Survey Selection Sets
According to the research methods and experience from the relevant literature, in each of the experimental choice questionnaires, the respondents are provided with three selection sets, each of which covers three alternative choices, of which "Scheme 0" refers to the situation of fertilizer application by farmers without taking any fertilizer reduction measures. "Scheme 1" and "Scheme 2" are state values under different fertilizer reduction measures by farmers. There are 81 (3 * 3 * 3 * 3) possible selections after permutation and combination, and 3160 selection sets (C 2 80 , "Scenario 0" does not enter the combination). In practice, it is unrealistic to use so many alternatives for the experimental choice. It is necessary to select representative selection sets [33, 46, 47] . This paper uses the orthogonal experimental design software "Ngene1.1.1" to generate 12 groups, in total 36 selection sets. The effectiveness of the experimental design test results are D error = 0.024, A error = 0.016, (where D error and A error are derived from the asymptotic variance-covariance matrix, D error is the determinant of the matrix, A error is the trace of the matrix, under ideal conditions, the experimental design can minimize both. Furthermore, in the result generation process, by adjusting the selection sets using a dominant strategy, the survey questionnaire is finally shown in Figure 4 , which contains 12 different versions. In this table, the percentage change of fertilizer application −4%, 0%, and 4% are from the 10 year training data from Shaanxi Province and are correspond to the dependent variables denoted as 1, 2, and 3 respectively, which indicate that larger values of nominal dependent variables correspond to less fertilizer used.
Combined with the results obtained from the pre-survey, first of all, it is necessary to further optimize the expressions of each indicator to ensure that the questionnaire can be accurately understood by the respondents. Secondly, the investigators will be specially and carefully trained on various indicators, being explained with the specific operation steps of the experiment as well as the attention needed, and being asked to explain the meaning of each indicator and status value to the respondents in detail to ensure that the respondents can understand the meaning of each indicator and policy to the greatest extent.
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Empirical Results and Analysis of the MNL Model
According to the results of the questionnaire survey, this paper uses two different MNL models for quantitative analysis. The dependent variable of MNL model 1 is the choice made by wheat growers under different selection sets. The independent variable is the state attribute of each option under different selection sets, namely price subsidy, tailwater standard, chemical fertilizer application change, state level, and technological support; the dependent variable of MNL model 2 is the same as the dependent variable in MNL model 1. In addition to the independent variable in MNL model 1, the independent variable includes the characteristic variables such as gender of the household head of the wheat grower, age, education level, and per capita cultivated land area and the number of wheat plots.
The fitting results of MNL model 1 and MNL model 2 are shown in Table 3 . Both models pass the integrity tests, and the attributes of most variables, such as price subsidies, tailwater 
The fitting results of MNL model 1 and MNL model 2 are shown in Table 3 . Both models pass the integrity tests, and the attributes of most variables, such as price subsidies, tailwater standards, and technological support are all positive and significant at the 5% level, indicating that the questionnaire design and model choice are scientific and rational [48] : The organic fertilizer subsidy, tailwater discharge level-1 and level-2 standards, and planting technological guidance lead the growers to reduce the application of fertilizers. We also see that the coefficient of fertilizer application change is negative, which indicates that a higher nominal dependent variable corresponds to less fertilizer applied, which is consistent with the design of the model. Compared with MNL model 1, the results of the paper are based on the MNL model 2, and the reasons are as follows: First, the pseudo R 2 value shows that the estimation result of MNL model 2 is superior to that of the MNL model 1. Second, MNL model 1 fails to fully satisfy the IIA, which requires the characteristic of each category of data be either uncorrelated with other characteristics or be weakly correlated with other characteristics. Han and Yang [4] believe that adding explanatory variables to the model can effectively improve this deficiency. Therefore, this paper adds the characteristic variables of the surveyed households to the MNL model 1 to reduce the estimation bias of MNL model 2 caused by the IIA hypothesis. The fitting results of MNL model 2 in Table 3 indicate that under the premise of keeping the policy variables significant, most of the farmer's characteristic variables have a significant impact on the policy selection results at the 5% level. Note: *** significant at 1% level; ** significant at 5% level; * significant at 10% level. Table 4 shows the changes in the amount of chemical fertilizer applied by farmers under different policy environments. The results indicate that the change in fertilizer application by farmers with comprehensive technological guidance is the most significant. It is shown that if comprehensive technological guidance is provided to wheat growers, the fertilizer application rate will be reduced by 6.975%; The second most significant term is the organic fertilizer price subsidy policy; when providing appropriate organic fertilizer subsidies, the fertilizer application rate of wheat growers will be reduced by 5.182%. The policy variable that has the least impact on the amount of wheat fertilizer application is the farmland tailwater standard. Under level-2 and level-1 standards, the fertilizer application rate by farmers will be decreased by 1.851% and 0.774%, respectively, indicating that wheat growers in Heyang County, Shaanxi Province are not willing to reduce the amount of chemical fertilizer application by adopting the agricultural tailwater discharge standard, thereby reducing agricultural non-point source pollution. Under the current policy design, comprehensive technological guidance for wheat planting, coupled with price subsidies for the application of organic fertilizer, will improve the efficiency of the application of wheat fertilizer in Heyang County, Shaanxi Province, and further reduce agricultural non-point source pollution. The choices of farmers are quite different when faced with different policy designs, and the main reasons for this are as follows: First, it is difficult for farmers to understand the true meaning of some policies. During the investigation, it is found that the agricultural tailwater discharge standards are more abstract than specific policies such as technological guidance and organic fertilizer subsidies. Therefore, farmers are inclined to make "convenience choices" when they choose, that is, the choice is not based on a complete understanding of the equivalent basis, but based on the individual's subjective familiarity with the policy.
Policy Scenario Analysis
Second, the tailwater discharge standard has significant externalities. The conventional method for determining agricultural tailwater standards is to calculate the total nitrogen and phosphorus content in the tailwater of cultivated land in a certain area, but it is difficult to accurately quantify the nitrogen and phosphorus emissions of individuals. Therefore, it is hard to specify the punishment measures for each farmer. The effect of the policy can only be guaranteed through collective punishment. Hence, farmers tend to be "free riders", which will greatly reduce the effect of agricultural tailwater discharge standards. Compared with Dowd et al. [49] , who point out similar policies proposed by California's Central Coast authorities, solving non-point sources of pollution problems by full guidance, subsidies, and tailwater standard, it analytically shows the impact of the policies on growers, but no quantitative results are made.
Conclusions and Policy Suggestions
Fertilizer is an important input in agricultural production and is known as "food for producing food". However, excessive application of chemical fertilizer is prevalent in wheat planting industries in China, and it is also an important cause of agricultural non-point source pollution. Because agricultural non-point source pollution has the characteristics of pollution source diversity, spatial non-specificity, and time uncertainty, it makes agricultural non-point source pollution control difficult. In order to study agricultural non-point source pollution caused by excessive fertilizer application and farmers' policy choices, this paper takes 516 wheat growers in Heyang County of Shaanxi Province as samples to analyze the formation mechanism of agricultural non-point source pollution from macro, meso, and micro perspectives. Also, three environment policies, organic fertilizer application subsidy, agricultural tailwater discharge standards, and planting technology guidance, are constructed. The experimental choice method is used to empirically analyze the policy preferences, choice behaviors, and fertilizer reduction effects of wheat growers.
The empirical results show that wheat growers show different preferences for the three policy variables. In wheat planting, if the farmers are provided with full guidance, the fertilizer application rate will be reduced by 6.98%. The second most significant variable is the organic fertilizer price subsidy policy. If appropriately provided, the fertilizer application rate will be decreased by 5.18%. The policy variable that has the least impact on the amount of wheat fertilizer application is the agricultural tailwater discharge standards. Under the tailwater level-2 and the level-1 standards, the fertilizer application will be reduced by 1.85% and 0.77%, respectively, indicating that the wheat growers in Heyang County, Shaanxi Province are not very willing to reduce the amount of fertilizer applied by adopting agricultural tailwater discharge standards. Under the current policy design, comprehensive technological guidance for wheat planting coupled with price subsidies for the application of organic fertilizer will improve the efficiency of the application of wheat fertilizer in Heyang County, Shaanxi Province, and further reduce agricultural non-point source pollution.
The research conclusions have important guiding value and policy implications for the application of chemical fertilizers in wheat production, alleviating agricultural non-point source pollution, and achieving the green sustainable development of wheat production. We use field survey collection data, constructing a model and quantitatively analyzing the results. First, most of the farmers' engagements with wheat cultivation are based on "experience and feeling", and do not pay attention to the farmland fertility equilibrium. The phenomenon of random fertilization is serious. Therefore, in order to effectively control agricultural non-point source pollution, it is necessary to take full advantage of the guiding role of technology. It is also necessary to promote technological guidance, combining the soil fertility status with local specified conditions to truly reduce the fertilizer input. In recent years, many local governments have vigorously disseminated soil testing and formulized fertilization technology, which not only increases the farmers' incomes but also significantly reduces the fertilizer input into the farmland and achieves good results. Second, it is necessary to accelerate the enactment of the financial subsidy policy for the application of organic fertilizers, and to implement the organic fertilizer subsidies to the wheat growers, so as to realize the subsidy funding for organic fertilizers "earmarked for special purposes". Third, strengthen the environmental protection propaganda to solve the problem that rural areas are unable to obtain information timely and effectively, or they obtain insufficient information due to region closure. Government departments can regularly organize environmental protection experts to go to the countryside to carry out these trainings, and to deliver face-to-face technological demonstration guidance, coupled with newspapers, leaflets, television, radio, and rural new media to farmers to raise farmers' awareness of environmental protection. Compared with other papers qualitatively analyzing the impact of policies on the growers, our paper uses survey data to quantitatively describe the phenomenon. However, in order to have a more throughout conclusion, more field surveys need to be done in the future. 
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